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PHASE I REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam Nodaway Lake Dam
State Located Missouri
County Located Nodaway County
Stream Tributary to Canal Branch One Hundred and Two River
Date of Inspection July 12, 1978

Nodaway Lake Dam was inspected by an interdisciplinary team of
engineers from Hoskins-Western-Sonderegger, Inc. The purpose of the
inspection was to make an assessment of the general condition of the
dam with respect to safety, based upon available data and visual inspec-
tion, in order to determine if the dam poses hazards to human life or
property.

The guidelines used in the assessment were furnished by the Depart-
ment of the Army, Office of the Chief of Engineers and developed with
the help of several Federal and State agencies, professional engineering
organizations, and private engineers. Based on these guidelines, this
dam is classified as an intermediate size dam with a high downstream
hazard potential. Failure would threaten the life and property at four
farmsteads located within the first two miles downstream of the dam and
would also cause appreciable damage to four improved road crossings.
The estimated damage zone extends eight miles downstream of the dam.

Our inspection and evaluation indicates that the spillway does not
meet the criteria set forth in the guidelines for a dam having the above
size and hazard potential. The spillway will pass 0.48 of the Probable
Maximum Flood without overtopping the dam. An additional deficiency, in
accordance with the guidelines, is the lack of seepage analysis. These
analyses should be obtained in the future.

Other deficiencies visually observed by the inspection team were
small trees growing on the upstream embankment slope, some deterioration
of the limestone riprap, and dense growth of trees and brush in the
channel downstream from the principal spillway.

Several items of preventive maintenance need to be initiated by the
owner. These are described in detail in the body of the report. Copies
of the report have been furnished the dam owner and the Governor of
Missouri.

Harold P. Hoskins- P.E.
Hoskins-Western-Sonderegger, Inc.
Lincoln, Nebraska

SUBMITTED BY SIGNLO ISEP 19n
Chief, Enineerin, Division Date-~I I ,SEPL

APPROVED BY &W I-.1 Colonel, CE, District Engineer Date
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SECTION 1 - PROJECT INFORMATION

1.1 GENERAL

a. Authority. The National Dam Inspection Act, Public Law 92-367,
authorized the Secretary of the Army, through the Corps of Engineers, to
initiate a program of safety inspection of dams throughout the United
States. Pursuant to the above, the St. Louis District, Corps of Engi-
neers, District Engineer directed that a safety inspection of the Nodaway
Lake Dam be made.

b. Purpose of Inspection. The purpose of the inspection was to
make an assessment of the general condition of the dam with respect to
safety, based upon available data and visual inspection, in order to
determine if the dam poses hazards to human life or property.

c. Evaluation Criteria. Criteria used to evaluate the dam were
furnished by the Department of the Army, Office of the Chief of Engineers,
in "Recommended Guidelines for Safety Inspection of Dams". These guide-
lines were developed with the help of several Federal agencies and many
State agencies, professional engineering organizations, and private engi-
neers.

1.2 DESCRIPTION OF PROJECT

a. Description of Dam and Appurtenances.

(1) Nodaway Lake Dam is an earth fill approximately 1480 feet in

length with maximum height of about 57 feet. Topography adjacent to the
dam is gently rolling. Soils on the lower slopes are apparently derived
from fine grained glacial till. Upland soils appear to be loessial in
origin.

(2) The primary or principal spillway consists of a reinforced
concrete riser with a 30 inch diameter reinforced concrete pipe conduit
outlet.

(3) The emergency spillway is cut into glacial till on the left
(east) abutment. It has a bottom width of 40 feet and side slopes of
3H on 1V.

b. Location. The dam is located in the north central portion of
Nodaway County, Missouri, as shown on Plate 2. The lake formed by the
dam is shown on Plate 1 in the NE 1/4 of Section 20, T65N, R35W and the
SE 1/4 of Section 17, T65N, R35W. The lake is also shown on the Maryville
NE Orthophotograph (Plate 3).

i
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c. Size Classification. Criteria for determining the size classi-
fication of dams and impoundments are presented in the guidelines ref-
erenced in paragraph 1.lc above. Based on these criteria, this dam and
impoundment is in the intermediate size category.

d. Hazard Classification. Guidelines for determining hazard
classification are presented in the same guidelines as referenced in
paragraph c above. Based on referenced guidelines, this dam is in the
High Hazard Classification. The estimated damage zone extends eight
miles downstream of the dam. Within the first two miles downstream of
the dam are four farmhouses with associated farm buildings and four
improved road crossings.

e. Ownership. The dam is owned by the Missouri Department of
Conservation.

f. Purpose of Dam. The dam forms a 70 t acre recreational lake
and provides flood retardation for the 100-year frequency rainfall event.

g. Design and Construction History. The dam was constructed in
1966. The design and the plans for construction were prepared by the
Soil Conservation Service (SCS), Columbia, Missouri. Portions of these
plans are included with this report as Appendix C.

h. Normal Operating Procedure. Normal rainfall, runoff, tran-
spiration and evaporation all combine to maintain a relatively stable
water surface elevation. Information was not available relative to
flow through the emergency spillway.

1.3 PERTINENT DATA

a. Drainage Area - 730 acres.

b. Discharge at Damsite.

(1) All discharge at the damsite is through an uncontrolled reinforced
concrete drop inlet pipe principal spillway and a grassed earth channel
ungated emergency spillway.

(2) Estimated maximum flood at damsite - unknown.
(3) The principal spillway capacity varies from 0 c.f.s. at eleva-

tion (1083.0) to 129 c.f.s. at the crest of the emergency spillway (1086.0).

(4) The principal spillway capacity at maximum pool elevation (1087.3)
is 131 c.f.s. Maximum pool elevation is that design value for freeboard
pool level as furnished on SCS as-built plans.

2
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(5) The emergency spillway capacity at maximum pool elevation is
141 c.f.s.

(6) The total spillway capacity at maximum pool elevation is 272
c.f.s.

c. Elevation (Feet Above M.S.L.).

(1) Top of dam - 1089.0 (SCS plans) - 1089.3 (survey 12 July 1978).

(2) Principal spillway crest - 1083.

(3) Emergency spillway crest - 1086.

(4) Streambed at centerline of dam - 1037±.

(5) Maximum tailwater - unknown.

d. Reservoir. Length of maximum pool - 3700 feet +.

e. Storage (Acre-feet). Top of dam - 2140.

f. Reservoir Surface (Acres).

(1) Top of dam - 80 acres +.

(2) Spillway crest - 70 acres t.

g. Dam

(1) Type - earth embankment.

* (2) Length - 1480 feet!.

(3) Height - 57 feet ± maximum, 52+ at centerline.

(4) Top width - 18 feet.

(5) Side Slopes -

(a) Downstream - 2.5H on IV down to a 15 foot wide berm and 4H on
IV below the berm.

(b) Upstream - 3H on 1V with 10 foot and 30 foot wide berms.

(6) Zoning - none shown on plans.

(7) Impervious core - none shown on plans but all embankment material
4. reported to be clay (CL) as shown in Appendix C.

I
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(8) Cutoff - Plans show cutoff varying in depth from 5 to 15
feet with 10 foot bottom width and side slopes of 1H on IV.

(9) Grout Curtain - none.

(10) Drains - Plans show (oundation drain approximately 5 feet
in depth extending from about Vstation 6+30 to station 11+10 (sta-
tioning according to plans).

h. Diversion and Reguiating Tunnel. None.

i. Spillway.

(1) Principal.

(a) Type - standard SCS reinforced concrete with drop inlet and
a 30 inch reinforced concrete pressure pipe.

(b) Length of weir - 19 feet.

(c) Crest elevation - 1083.0 feet m.s.l.

(2) Emergency.

(a) Type - standard SCS grassed earth channel.

(b) Control section - 40 foot bottom width 3:1 side slopes.

(c) Crest elevation - 1086.0 feet m.s.l.

d) Upstream channel - clear and well grassed.

(e) Downstream channel - badly blocked with trees and brush which
could affect tailwater conditions on principal spillway discharge.

j. Regulating Outlets.

(1) Principal spillway.

(a) 24" diameter gated port (elevation 1075.0 invert).

(b) 16" diameter ASA Class 125 valve (elevation 1053.56) from
as-built plans.

(2) Emergency spillway - None.
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SECTION 2 - ENGINEERING DATA

2.1 DESIGN

Data on the geologic investigation, hydraulic/hydrologic computa-
tions, construction plans, and the soil mechanics/soil engineering
report were supplied by the Soil Conservation Service, Columbia,
Missouri. This information is shown in Appendix C and Appendix D.

2.2 CONSTRUCTION

No construction data were readily available; however, it is reported
that the dam was constructed with SCS engineering supervision and standard
inspection and quality control procedures.

2.3 OPERATION

No information was available on the maximum loading on the dam.

All spillways are uncontrolled.

No information available on operation of discharge system.

2.4 EVALUATION

a. Availability. The engineering data shown in Appendix C was
readily available from the SCS, Columbia, Missouri.

b. Adequacy. The available data and reported information are
adequate to assess the design and stability of the structure.

c. Validity. The available data and analyses conform with
accepted practice.

5
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3SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

a. General. A visual inspection of Nodaway Lake Dam was made
on July 12, 1978. Personnel making the inspection are employees of
Hoskins-Western-Sonderegger, Inc., Lincoln, Nebraska, and included
Garold Ulmer, civil engineer; Richard Walker, Hydrology, and Rey S.
Decker, Soil Mechanics and Geology.

Results of the visual inspection are summarized below. Photo-
graphs are shown in Appendix B.

b. Dam. Rough measurements of the profile along the crest of
the dam and emergency spillway centerline and cross-sections of the
embankment and spillway indicate that the dam was constructed according
to the plans shown in Appendix C.

The dam is covered with an excellent growth of adapted grasses
and legumes.

A few small trees were observed along the upstream face. Riprap
on the upstream slope extended 3 to 4 feet above the water surface.
The riprap consists of a rather poor grade of thin bedded limestone
and some deterioration was noted. No significant erosion was noted
on the upstream slope.

Surface materials in the dam consist of lean to fat clays (CL or
CH).

There was no indication of emergence of the phreatic line or other
seepage on the downstream slope or along the toe of the dam.

The foundation drain was discharging clear effluent at the rate
of approximately 1 gal/min. A few small seeps were observed around the
left (looking downstream) side of the principal spillway stilling basin
or plunge pool. These seeps extended up the plunge pool slopes about
3 feet above the water surface and emerged through CL material. The
very small discharge from these seeps was clear.

No cracks, slides, or abnormal deformations were observed in the

embankment.

c. Appurtenant Structures.

(1) Principal Spillway - There were no indications of spalling or
deterioration of the principal spillway riser nor the concrete pipe out-
let. The lake level was at the spillway crest elevation at the time of
the inspection.

6
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(2) Emergency Spillway - The emergency spillway is well vegetated
with adapted grasses. It looked very good with no evidence of erosion
in the bottom or side slopes.

(3) Drawdown Facility - The plans show a 30 inch R/C pipe entering
the base of the principal spillway riser. Flow through this system is
controlled by a 16 inch valve at the base of the riser and a 24 inch
slide headgate near the top of the riser (see sheet 6 of 22 of the plans).
This system is designed as a drawdown facility to evacuate the reservoir.
It is not known whether or not the gates and valves are operable.

d. Reservoir Area. No wave wash, excessive erosion or slides
were observed along the shore of the reservoir. The east shoreline was
riprapped for a distance of 1200 to 1300 feet upstream from the dam.

e. Downstream Channel. The channel downstream from the principal
spillway is badly clogged with trees and brush.

f. Other. There is an old gully plug or small farm pond about
150 feet downstream from the toe of the dam opposite about centerline
station 4+50 (stationing as shown on the plans). The pond was dry at
the time of the inspection.

3.2 EVALUATION

None of the conditions observed indicate a need for immediate
remedial action. Trees on the upstream slope of the dam, trees and
brush in the downstream channel, and slight deterioration of the rip-
rap are deficiencies which could ultimately impair the integrity of
the dam if left uncontrolled or uncorrected.

I7
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SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES
The pool level is normally controlled by rainfall, runoff, evapora-

tion and capacity of the uncontrolled spillways. Procedures for operating
the drawdown facility are not known.

4.2 MAINTENANCE OF DAM

The dam is reasonably well maintained. Action should be taken to

correct the minor deficiencies noted in Sections 3 and 7.2.

4.3 MAINTENANCE OF OPERATING FACILITIES

It is not known if the drawdown facility is operable nor if and
when the system has been operated.

4.4 DESCRIPTION OF WARNING SYSTEM IN EFFECT

The inspection team is not aware of any existing warning system
for this dam.

4.5 EVALUATION

The dam and appurtenances appear to be well maintained with the

exception of some laxity in controlling tree growth on the upstream face
and allowing a few sections of the riprap wave protection to deteriorate.

8
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SECTION 5 - HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES

a. DesignData. Pertinent hydraulic and hydrologic data which were
taken from as-built plans furnished by the SCS are tabulated in Appendix D
on Hydrologic Computations. The supporting computations are attached.

b. Experience. The drainage area and lake surface area are developed
from USGS Maryville Quadrangle and orthophoto sheets. The spillway and dam
layout are from as-built plans and surveys made during inspection. There
were no major discrepancies discovered as far as the hydraulic structural
components of the dam and spillway were concerned.

c. Visual Observations.

(1) Principal and emergency spillways are in good condition except
as noted.

* (2) The emergency spillway does not appear to have ever been used.

(3) The emergency spillway and exit channel are in the left hillside
abutment away from the dam. Spillway releases will not endanger the integ-
rity of the dam.

d. Overtopping Potential. The spillways are too small to pass the
* ( probable maximum flood without overtopping. One-half the PMF will overtop

the dam by 0.24' for a period of 3.0 nours. The spillways will pass the
0.48 PMF without overtopping. The existing spillways will pass the 100-
year frequency flood without overtopping. The results of the routings
through the dam are tabulated in regards to the following conditions.

Freeboard Time
Inflow Outflow Maximum Top of Dam Dam

Discharge Discharge Pool Min. Elev. Overtopping
Frequency c.f.s. c.f.s. Elevation 1089.3 Hr.

100 Yr. 2239* 131* 1085.95* +3.35 0

1/2 PMF 3380 1014 1089.54 -0.24 3.00

PMF 6802 6190 1091.11 -1.80 4.25

0.48 PMF 3000 800 1089.3 0 0

*Data taken from SCS as-built plans

9
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According to the recommended guidelines from the Department of the
Army, Office of the Chief of Engineers, this dam is classified as having
a high hazard rating and an intermediate size. Therefore, the PMF is
the test for the adequacy of the dam and its spillways.

The St. Louis District, Corps of Engineers, in a letter dated
13 July, 1978 has estimated the damage zone as extending eight miles
downstream from the dam. Within the first two miles downstream are
four farmhouses with associated farm buildings and four improved road
crossings. This fact was verified by field inspection.

b
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILUTY

a. Visual Observations. Maintenance features that could affect
the long time safety of the dam are discussed in Section 3.2.

Hydraulic/Hydrologic analyses presented in Section 5 indicate that
the dam will be overtopped by the probable maximum flood. Under those
conditions, water would flow over the top of the dam to a depth of 1.8
feet ± for about 4.25 hours.

b. Design and Construction Data. The engineering data, analyses,
and plans supplied by the SCS conform with accepted practice and are
considered adequate to assess the structural stability of the dam.

There is no reason to question the adequacy of construction super-
vision and quality control.

c. Operating Records. There are no appurtenant structures that
require operational functions.

d. Post Construction Changes. The inspection party is not aware
of any post construction changes.

e. Seismic Stability. This dam is located in the Zone I seismic
probability classification area. An earthquake of this magnitude is
not expected to cause structural failure of this dam.

11



SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety. The few deficiencies in maintenance that were observed,
a few small trees and minor deterioration of the riprap on the upstream
slope, should be corrected and/or controlled. The probable maximum flood
(PMF) will overtop the dam, however, the spillways are adequate to pass
the flood resulting from the 0.48 PMF without overtopping. The dam
is designed to impound the flood resulting from the storm that has a 1
percent (I in 100 years) chance of occurrence without flow in the emer-
gency spillway.

b. Adequacy of Information. The information presented in this
report is considered adequate to assess the safety of the structure.
Seepage analyses were not found, which is a deficiency that should be
corrected in the future.

c. Urgency. There is no immediate urgency to accomplish the
remedial measures discussed in paragraph 7.2.

d. Necessity for Phase II. Based on the results of the Phase I
inspection, Phase II investigations are not considered necessary.

e. Seismic Stability. The dam is located in Seismic Zone 1.
An earthquake of this mnagnitude is not expected to be hazardous to this
dam.

7.2 REMEDIAL MEASURES

a. Alternatives. The size of the spillway could be enlarged to
pass the probable maximum flood.

b. O&M Maintenance and Procedures.

(1) The trees should be removed from the upstream face of the dam
and measures initiated to prevent recurrence.

(2) Additional riprap should be installed in those areas of the
upstream face where wave erosion is evident.

(3) The affects of the tree clogged channel downstream from the
principal spillway upon tailwater elevations in the plunge pool are not
known. The downstream channel should be cleared of trees and brush and
measures initiated to prevent recurrence of growth.

12
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PHOTO NO. 6
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PHOTO NO. 7
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PHOTO NO. 8
LOOKING NORTH

- ~-. -......- - ~ACROSS RESERVOIR

- FROM WEST END
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PHOTO NO. 9
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DOWNSTREAM CHANNEL
FROM TOP OF DAM
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ma -kzZPHOTO NO. 12
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PHOTO NO. 13
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~la li± -o--,tr-t to a ma.i, thickrzees of about 310 feet mt t Stotic
&CO. I-e 1Ulri= can 'he zeparatcl into fcon gemaraL classea s wf l.cvE- .
Tu stn'face 3 or 4 feet in the floodp2ain is logged. as fira 11-. On0r-.-
- 1eht side cf the chon~-.2. a zone of high -plasticity CIL or CI tn1±s .

11L. T-U zznc of eallu-im is represenlted by Sles 6;393597 6-17 633:;;
20o1e) ±-rcni test hole 6, and byr Semp:ee 6314"8214 (cores j ma 0

-;ect 1:Zles 5 ana 15, respectivmly. A zone of soft lriu.tmierlies the-
firam CT --d CH zcmne tram about tlhe 10 to 22-foot deptix ir, ter, b~e5

Sscft zona a~ppears to 'be contirmuz ftro about t [tati on 7+25, to about
SStation .0+ ,-3. ft-e tbicmese of tL~s zone ranges f.on about- 5 feet to e

94L -7 -



• "- - . .' " .. • .- . . ,. . --. :'. : .. . 7-7
. A. - . - . ". _ , . . . . . - :. .. . .. .. ... "p.." ",.: :,'. :,' -, :-.... .. . o.- 6/2~/ • * - ' .. .2,../6-2 t- S.. Culpepper 3-*'

Ae Siq. Decker
u .. 'Buhb; Missouri MP-08, 102 Rive" Tributaries, site No. 0C-3

-.... -of'2f, et Core earple 63W359o h represents this zone. Zwh soft

~~ z~~direct3~~~~' pyarlies the -.~~~"It*1, eaetfrTeae t48ain~.-o iid silts, c*oia~SI ie
ten.aTedon ip of the tf--. .' i this This zonr (63I 396) .2aes

,, .-- . 3 . 6 8 ia + .o... = -= v=± -.

. - . -~ .-t-~ p., -*e- A. tt,. 4 p~c *W, of . -t .l e st

- *-* e&. * ..- ."'. 3.,--"~i Ifi"

Count and Density--. lov aount 4o2 +hP zone. f fim alluial CL -and.
Ce wys in the rwaq of 7 to 8 blos ner fo Tese tests, gathoue -

'- above'vater table, appear to xvenresent scrturate& material.. Uadist=,bed
saples from2 to 3 feet alo the zone of bloi count had a moisture
content in the range of 2 -% which is at 87% or of theoretical satua-
tion. The deanaii of the material in this zone as represented b Samples
6wV3241 ajul 6"w325 is abouzt 96.0 p.c.f. Th natural density of this
ma terial appears to be vithin 5 P -c -f.- of =mnm Standard density basedl
an a ecUparison of samples with similar grad-ation aI pl.asti city fro .the
borrow erea.

The z -one of soft CL has a blow cot of -4 or less blos per foot. Only
one blow per foot vas recorded In this zone in test hole 5. Core 6a mve
03W3594 fe• the 3oft alluial zone had a ds-sity oo r 3 .b .cu• 9t .0 p.c.f. to
97 p-c-f. - -s iz a o v CL and the nt=o'. dne.ity ape.rs to be in ti-h
range cf about 85'% of Stpr6- a Proctar.

Me Etratifie na:.iLf y z i atnic-i" t., .3 - " OIL zze-st "-- -

bic,'7 cc.xt of' fLrc= 6 to A.r~t~2 ~ o.:. '-L ;;b, "1 inLJ ps-ea'
in tha r=7' e of 8 tr, 123 b_ pa.- r i ot

A coze scamn1e L7= the 190 to 2d~ah in, tast -:L n- IT C:;.nth

of CL logged as c.13tly f:!=.-. A b1o'. colnt test Irz ~aa zan.,e cbov.d 5
blows ;er fact*v. Tecore P_. i de=-it-Y of' fr~a 37.r :..c.f'. +.-- 91 -P 1
Te e ateric) Is a hi g p zticity CI. The= u f.n-c-. c esiv7e " "rth.
the Imrecornsu2.dc.ica presmr u"' m.ictd~ tc con c.tion teat en:] the

.ere.an 01, t D suC4  h .*-. '-repre-eb-, by
this ccre min act,"-2y b- ""2. e, thze_ ailurJU-.

C. She r tren:h: T-_ sh:-" .t--ct: of the o ' m" -, -.".--
indicated i -. tri a-.. tez-z on unistrb ". o=_-:ole.r Z. I'o1l7.o .

2.) 6 = 17 =. :o= t c rcc c z
1.7 , c = 3-00 i,: .f ... "."-  t o , r,,, .i-_;.~ , . .

c4 4tae firj, SIaC -- tIl

3ased' cn lcc: cc-,=t te+- •.-- artf iu a&-:_ ; -':. tst.

.2ole 5, is e:rpecte£ to h,-va she-L" st- 'n ht! - % t : b C+-.

Sample 63353S (t-l).

T-



S3 S-J . Culp'opper-- 6/24i/63"

Subj: Miszori VP-08,, '102 Rfvr rIbztiries, Si.te Nc,C3'v-

XOYte .'. 1963I.t *,

Ci) . thin Wwn of sur~face )MVl be lii geLqma,d .Or-8±sbed

-potential vithin this zone should be-negligibla * ;,-

(2) The firmC o CH &Uva z~e bas a elatiTSely biR&l denity. The
coaolidas-tio patent~a.1. of this material sboulc& not ezce that of
borrow simpie 63w3615. Mhe test dws~itT of 63W3635 vw 95.5 ;.-c-f.
vUbch -is about ecldalefent to the natzrsl derisity of the material in
this zone. Borrow Sample 6"w315 in a bigb pVaticity CL t-hat is

k~prable to the szterial in thi4s zone. Mhe corsolidation potential
vithin the firm CL or CH alluvial zone wder the guoposed loading is
estIzated to be 2% (= about. 0.2 :root.

(3) S=a31ie 6_013 594 is ccnzIdexed re~esant.aTie of the soft CL alluvial
zoae. C&asoudiat.;.= lootentALI~ Vth±Az this toneO under the =oposed

1o~d~i- iz! to be a.bouz 8 j!2ccr. or 0.c loot

is in e~'z-cji th.! ;rpocI~ lccf; tae_,for:, tVae ti.1 is ozi:e

N5 mha :o;:'x i the st ti-L'c salt, clwy an'i iiae E&--, Iwrer i.

l ib. tctaLU Ccc=O'iv~o ~~j the 1v A.aI3: reeca ±0e,-tIc 4 t to 'b

cle=- s:u-r.:.o) L;- 7 >z 1  tc ta l2*:2c%.. Bas Ofl o
B20 S sn- '.- E, - z 3_:S ,!re ~~~
-to ba-e t uzi.t--r rz:.C: ~2 feet Ie_ ±z'TIr etz
is bazedc C_ eci~tica I'cz e :2.K : e- c-L"132:ti've S123 =-a

±ncusa fo~~o. or -Che Dr:z*~

c czce Th

'... z 11.J'r ~ ~ nt ~'2s '..~'c-

Z..- 27.

the za-ov t-ttta De=171e ? 0tc-., ont~~ alle~ Of~ne

.1*h
p.C~f to*-*..



-. S. C--p r 124/63

-By ece n
1

Su. Wii,:Mascmi W-O., s 102 ' LD Lai3S leBi o4C.3 -

Tetos vas ant 9% of Btancdr Proctor daut t aui nd~Is

- ~ considn -o. "at tbe Elail t0ll suu~aMV&tL*WA,': -. ~-
siplo ai~estvbm Of borrow mtewZi*'-, A--

* - *~ Shear vinluna noaid vere .8.5! uw c a ~

~~7.

2estabilty o -tJh~.:pose& abn wasn checked vith a uo~dge& Swedish
circle melthod of anaalysis. Me arm2.ysla vas made for the seopsli ction
(t Station Sr5D))I the nai~ embankment section avzA 4L son at the4principal cspi3lvaq:ocation- A ;breatic imn tram emrcy spillway elevatior.
vasB 889sinL. Thf-founwing -Shear strength valms Wer used for -the different
naterials along aseme 'failme ara.-

(1) EmbanientJ0=8.5% c -650~~t

*(2) P.Irr purfac auim- 21 r'- 60 p a.f Thsz one vas consid-
erel~ as 9 feet thick in th-z ffloedpl al azd alro rt the X'±ncipaZ

3) SoVt-'h.-2 Zone = M. 175 p~~f V:is zon F.. cC~rz-_;-r2

e t .-I. ' &t i tz

in; SIL'& ai r~ ~. :t i.n tabj.

c.r*-. r,~- Drzv .n

We C" C: Tht:c C-. !"0.

10 o- 4 i.. r~'~' 3: .2 --

10&.C C/b 0. C.

Th fo-- I-,*,*, -znhd-xlae -:

--



-~~~ 3- 5 -H .CUIPeP~e. 6/24i/63.
NOTS 1e Decker

S1~~~i:~ Mis'(1 v-S;12 3±-ve Trlbuatw-~Ug, Sli NO- C-3

;.j3*.3*33*3 -~ tsto~i 2~.e~c Pelyt. Feet Bottw in

Rim i0 6.0 4M.'i1sa03

3+00 6.o m 2~.

44M6.0 -~21

5*-58. CL 2m1

3-. -8.o0 6.0 M A~luft=i
I .00 6oCL orCH AUvi=

-. 10900 6.0 CL Alurvi=
* .*.. . .~. .~6.c)o CL Allri=

12-00 6.o M LUJ
134+00 7.0 MI Ti2J.

140 .0 CL TI

The 6.0-foct mirlni a epth is suF .,te-i qto il.eure that the trench bcttur=s

belsv the zone a e ctol5 dx &-itg cr,-:

trench dxs~.n =,t.2 t. z:x :

C. D:-F~n: A irxL' ±Ir 7';2 xc_- '.1 t- ..

'4 --... 
;". w

caf - ~C .:.-. .. ...

Sh.-l - 3

im the rc-:.c o-' "~r -1z , i. - ~':.~~z~r; c

ebxcrzpt 5z . *---

Adesir..e-i fil-.,r '~r- e~~Vz~ h :c-& o tt-*-

nate--iE2 .riil t3 ir cZ~t_.c-V ,:h~tz s:uf lonsas or- At~ ly. roaol
abl1- wzU-ca.eO. c.-ecr cc-'=. r~*.rr - be usc~& -Po the &--ain



- ReyS. Decker *p.- .

* O 8iJ: Missouri 117-8, .1m River &jbutarjeg, site No. .-

Svbii4 the drain vil ha 4.n -ontit with CL. 7cor the sank~ ffirns vtmre
Abe dain vill be in-MOVtat ith materialslik1e the SK and SM-6p strata

-~ n~es ~* 13a Simed -=iltr should be Ased.

~ .1~ ?scaz~aor xaterials4: CLbiosos mIeto materi al is
.recmened. . Me kesnt materIal Shoul& be placed at a innimu
~f95 jexiglnt of Stindard P ct IplCenit Moisture

g; .,L.ft.am' bemLntained'at optj= or dove.

2. Slop~es: Th~e following 810PeS have satisfactory factors of safe .ty and
wre recemded.

ZA. 3:1. with 3.0-foot berms at elevation 1084.T and 1073
an&. a 30-foot berm at. elevation 1060.

Where the 24~-foot bern is required ar'ounid the inlet (Elevation 1084i.T),
the upstream slope could be modified as follow.: 3:1 wit a,24
foot berm a~t elevation. 1084 .T; a 10-foot be=m et elevation 1073;
endl a 20-foot berm at elevation. 1060.

B. Domstre=n: 2 1/2-.1 above vrith a l5--foot bezu at elevation 10116o
an : slope belowT tbae berm.

* 3. Bettlem~ent: An overfill r-.l-ov-=ee of 1.75 fee is suggested to --cm-
pensate for residual] consolid-otion ithin the for_ tion er.a tte
embankment.

Prcpared by:

Lora P. tDunnrigan

Boland B. P~I-)lipz,
Attacbents

cc: W. S. Cuflpepper' (2)
H. J. Behrens, lUilwaukee, N sconsin
Haroll Townsend, Bethaxr-, 14-Issouri (2),
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SCS-.355 (Rev. 4/59) Ui. S. OEPAR7MR'T CF ACRICULTURE
SOIL CCNSE VATICN SERVICE

SOIL MECHANICS LABORATORY Sample Nurter /3~??

- TRIAXIAL SHEAR TEST DATA
Project Location _________________

Mooisture-Density Data Specifications:

Standard C= tMax.r _ pcf Specimen: ,,Max Consolidated =D rai red

Modified I= Optimum I Height Siz41/ Unconsol idated C~lundrained
Curve NO. -O.f..- Moist ure -____ % DiameterLL..material

L. L. 6 1L. P. 1.22L. Class ('IL ZE Undisturbed and Tested at:COatural Moisture =Saturation
% Finer Than:O0.OO2mmiI8O. 05rm _,Q2000 = Remolded and Tested at:-$.... of C~ Standard C=31odifiec
Other Factors Affecting Shear: with w. -_____ % which is
S Dispersion 2 !j...% Salt - :3Lower than C:3Opt imun [=Higher than C=Sat urat ed
Other: Opt imum Opt imum__

6eedCF 4f 1 -VTest Data

Dry % oisture Content Lateral Consolidation Stress Internal
Desiy a. resue Daa t Strain Friction Unit

Fia - Freilre Dat at ateso7 Dry Start % Sat.1 End C73 Orig. Fnl aiueFailure Chso
pcf Den. 0 str e 1 f 7'j-93 Tan________

____ ~ 7.4 0 .75o/_11 __

6Z_ Se, ~ 2 . 28. 1 5~.6 J9 .7 6/ -7,15 14.6~ 4%q,...L
J. 44. L!7=. Ze. 0 -?0 Zi 6 /8-7 /0.0 r L Zlp sf
/~. 1.9 25- 99,Z 1 30 2..3.~ q 16-L.t. Tan

ol 3in Pounas per Square InCh

C

/0 I, *I I

J- J=-

T 4*II -F

V4  II I I' I 7--
i _; T,

4- L -

a4. +L +H

I-0



sC-,55 (Rev. 4/59) U. S. DEPARThET OF AGRICULTURE
SOIL CC.SE-ATION SERVICE

SOIL MECHlANICS LABORATORY Sample Nuce ;,
= - TRIAXIA. SHEAR TEST DA'

Project - -____ Location

moisture-Density Data Specifications:

Standard C~ Max.y) pcf Specimen: I, Max. C?sol idated IDrained

Modified C3 op i.rm Height.L..Size ±.L 1=3 Unconsol idated CZ~nd ra ined

Curve No. -of .... moisture -____ % Di vaeteraL~..material
L. L. 4,- P.1..._.. Class -/-GSZZ~a =3 Undisturbed and Tested at.*:ENatural moisture ESaturation
% Finer Than:O.OO2m! V.OO5mmYEAC20&C! C=)Remnolded and Tested at: -.S of C=)Standard C3Modified
Other Factors Affecting Shear: w .ith wil %_____ which is
S Dispersion - / Salt - ~lLo.&er than C=)Opt imui [=igher than E=Saturated
Other: optimum Optimum

Test Data

Dry S ~ itr otn Lateral Consolidation Stress % Internal
gosueCnetStrain Frcin Ut

Density Max. Pressure Data at atcto Cuhnit
2' Dry Str % Sat. End Orig. Final Failure Failure Chso

pcf Den. S Str e. ef T, - Tan

____ _308 19 0 .635.55_5 15.3 5.0
139 L4 -1 3~Z JQ %A061 25o 23.7 3.0o ~ s i

138& 1.4Z 34-.:5 ?464 . Z,^ 24! 9,5 71 29.5 3.0 = pf

JL45- 14S 3a 1 ,75 -3J --g -8g4 gi 7 9A Tan

71 i n Pounds per Square Inch

I, I f i I I i1

k i lFI1 I 9

t I I 1 1

I I II! =='

1i -1 i

A 4 -4 i9 ~ i I 1 0 -1 1-r---+-T--L :~~

06 t

I l i t -

-4- T4: 9 9 9~,

*~~T -F~~r I

7J o

1.0 130 .1 1 Vo 1 51 L6017

"IWt _ __. 1.1 OP-_ _ __Srss iond e qur nh -0



.Scs-355 (Rev. 4/59) U. S. DEPARTMENT OF AGRICULTURE
SOIL CCNSERVAT ION SERVICE

SOIL MECHAN~ICS LABORATORY sam~ple Nuirer_______
MhAXIM. SHEAR TEST DATA

Fit Project Ve r 19' -4P7 , 'sc~ C, (.- Location MS3o T1

Moisture-Censity Data Specif icaX ions:
Standard zx max.7 , C3Oc Specimen: , Max. 00onsol idated CDra ined
modified C ptmu Height &6 i;.11 MUnconsolidated CO-drained 4

Curve No. / .of..... -moisture 161- 5 % Diameter /, 9.Material

L. L...Z P.-I. ZZ ClIas s C-.. I- G = Undisturbed and Tested at: 1=1Natural Moisture 1--3Saturat ion
S Finer Than:O.QO21rmlj.Do5mm.f#20O C!eolded and Tested at 2% of C21 tandard CModified
Other Factors Affecting Shear: with wo,_____ which is
SDispersion -____ % Salt C= Lower than C= Opt imum C=)Higher than Egaturated

Other: Mdnd.4 ( Optimum -Optimu.7
_____est Data_____________

Dry I~osueCnet Lateral Consolidation Stress S internal
Density Max. -csr -CPressur Data at St rv in Friction Unit

7' Dry Start SSat. Ed . Orig. inl aiueFailure Cohsio

91. '94.2 24.3 9 7.6 23.3 20 /4/2 0__
99e, De. Z Start3 23- 20 e62 1*6 .5! -=anp i

_______ ______ _____Tan

T 1 93 inl Poundis per Square InCh

N I II. I 
if

/- A

*1 f4A.. ~ __

IL~~~ ~H +4T~h 4L4

............ 7,7 k,... oriIsr i t~ e q~eic B-D



-355 (Rev. 4&/59) U. S. DEP,4RTP-NT 0; AGRICULTURE
SOIL CCNSER'VATICN SERVICE

SOIL NECHANICS LABORATORY Sample Nutr;;

/~ ? ,TRIAXIAL SHEAR TEST DATA
Project 10? R y '- :T Locat ionIM

Moisture-Density Data Specifications:
Standard~ = max.y X95-0 pcf Specimen: Max. C8Consolidated MDrained
modified CM Optr;mumn I eightI...Size CMUnconsol idated E=undrined

Curve mo. - f -... mo isture /76'- S DiameterLZ..material
L. L..-912- P. I ..7 7 ClIass -C_4._ Gs .t1 CM Und isturbed and Tested at: CZ Nat ural Moi sture (-Sat uraticon
I Finer Than:0.OOa"Iyo.lO05,nvn.1*200Z. eemolded and Tested at:~f% of = standard (=Modified
Other Factors Affecting Shear: w Iith w. 170____ % which is
% Dispersion S____ Salt Lower than W Opt imum :3 Migher than E:Sat urated
Other: _______________ Optimum Optimum

Test Data
Dry l.osueCnet Lateral -,solication Stress internal

Density Max. ___tr Cntn Pressure Data at Strain Friction Unit
at

7 Dry Start % Sat. End C. rig. Final Failure Failure cohesion
pcf Den. IS IStart % e e1  Ta 0

.1 .L _ _ 2e9 - 15 /1 J0 / .1/psi

_____________ ____________Tan

93in Pounds per Square inch

i t l l f, t l l i l . l 1 i I I I ] . T l i i

fi I l I, .

I I I t

C IIl i f t ; ,

IcI

l i l - 1 1 1 1 - 1 1 1 1 1

4- 777-* .117

0*T

inI I+

17 - ha -.a Stesi-ons e qaeIc



SCS-355 (Rev. 4/59) U. S. DEPARTPENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

SOIL MECHANICS LABORATORY Sampleau umber

,~-, 1-~.'TRIAXIALSEAR TEST DATA
Projectf~-'~ Ile,_____ Location fdO

moisture-Density Data Specifications:

Standard C= Max.)'r pc f Specimen: Max. EMConsol idated =3Draned

Modified (= Opt imum Height - Size =3 ...... Unconsolidated ~Undrained
Curve No._...of..._. Moisture _____ Diaeter ....material

5 Finer Than .007. 005lassC G5  CO Undisturbed and Tested at: =3Natural moisture ;ESauration
* SFierTha:OOO 7O.O J~2OOtZ C= Rem~olded and rested at:... - of 1= Standard C)Mod if ied

* ~Other Factors Affecting Shear: with w- - I_____ which is

% Dispersion .... ~...SSalt ~ Lower than CZ3Opt imuai CHigher than (MSat urat ed

Mfoisture Contet Lateral Consolidation Stress internal
Other:n SpilnOtainu

sensity~ - Pressure Data at Stan Friction Unitat Chso
410___e Start % Sat. End 173 Orig. Final Failure Failure Chso

ft r S IStart % e. ef T3- ic Tan~ ___

________Tan

- ~in Pounds per Square InCh

0,1-__ -93H L4

* ... .5.55,5 ~*F00* F173ia Sr I oL~ pe 325ae

r- - ~ mii~~uiiu~umnurn'~



U. S. DEPARTMENT OF AC3?ICULTURE71 SOIL CON4SERVATIONi SERVICE
SCS- 352 Rev. (10/58) SOIL MECHANICS LABORATORY

COXPACTIOH MID PETHETRATION RESISTANCE REPORT

Date -Sample Nlo.: Fi eid Lab_________ La

Project. !2F'/ITQ,( C-? Location

Samole Location and Depth

2500 1 -1~- 1 1r

200

0 .4

2C6 100
IL,

-a 0

w 9 500 .I

0

I i

I f I' i 1

A I I I- I I I

F I

00W
u 96

I -K,

stndr ;!to Wegh 7 .Hae L . MtraIomatdrpeet
qoiied .. :.rpI ~e C preto tesml

Ote ifsadpasdj7 
iv

Vo. f ylner0 u/t (S Gr.) -

___f______ 
of1-7

________________________ MOSTUR CONENT IN PRCEN5OF,11-2I6h



U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

SCS-352 Rev. (10/58) SOIL MECHANICS LABORATORY

COMPACTION MWK PEN4ETRATION RESISrUCE REPORT

Date Sample No.: Fiefd _________Lab

Project* f~ varrI~C. Location M 221"
Saflole Location and Depth

25 I .

2000

U--

S 1500i

L~a Ga T

C 1000+.

La 0
X Q 500 '

416

H illI

0 . .

-1 0
00 I_

aA

a-. m , t

(n U.
. . . . . . . .. . . . . . . . .

0

I,,W f

/01.)

TYPE OF TEST TEST PROCEDURE Classification CIL

Standard Proctor weight of Hamm1er_______ Lb s. material compacted represents



U. S. DEPARTMENT OF AaR:CULTUREF.. iSOIL CONSERVATIO4 srRVrCE
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HYDROLOGIC COMPUTATIONS

1. The Mockes dimensionless standard curvalinear unit hydrograph and
the SCS TR-20 program were used to develop the inflow hydrographs (see
Plate Dl). The inflow hydrograph for the lO0-year flood is taken from
design computations furnished by the SCS on their plans. However, a
100-year storm inflow was generated by the consultant using the TR-20
program and it compared closely in regards to peak and shape.

a. Six-hour, 100-year rainfall for the dam location was taken
from NOAH Technical Paper 40, which compared closely with the furnished
SCS value. The 24-hour probable maximum precipitation was taken from
the curves of Hydrometeorological Report No. 33 and current OCE direc-
tives furnished 3 August 1978.

b. Drainage area = 1.14 square miles.

c. Time of concentration of runoff = 25 minutes.

d. The antecedent storm conditions were heavy rainfall and low
temperatures which occurred on the previous 5 days (SCS AMCIII). The
initial pool elevation was assumed at the crest of the principal spillway.

e. The total six-hour storm duration losses for the 100-year
storm were 0.92 inches (SCS) which is a 0.23 PMF storm. The total
losses for the 24-hour duration 1/2 PMF storm were 1.2 inches. The
total losses for the PMF storm were 1.3 inches. These data are based on
SCS runoff curve No. 90 and antecedent moisture conditions from SCS
AMCIII.

f. Average soil loss rates = 0.05 inch per hour approximately.

2. Combined spillway discharge ratings used were SCS design computations
(sheet 1 of 4 E-20552-H) for the principal spillway. The emergency spill-

* way rating was developed by extending the SCS design computations. This
was done using the concept of critical depth in the spillway control sec-
tion and conservative head losses through the spillway entrance section
(head loss = 0.25 Hv), where Hv is the velocity head at the spillway con-
trol section. These computations were compared using the SCS design
computer program for rating and routing earth channel emergency spillways.
The results compared reasonably. The flows over the dam crest are based
on the broad crested weir equation (Q = CLH 3/2), where H is the head on
the dam crest; the coefficient C, which varies with head, is taken from
the USGS publication "Measurement of Peak Discharge at Dams by Indirect
Methods: Book 3, Chapter 5, TWRI".

3. Floods were routed through the spillway using the TR-20 program to
determine capability of the spillway and dam embankment crest. The storm
rainfall patterns, inflow hydrographs and routed outflow hydrographs are
given on Plate Dl.
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